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DEPARTMENT OF THE ARMY
ST. LOUIS DISTRICT, CORPS OF ENGINEERS

210 NORTH 12TH STREET
ST. LOUIS, MISSOURI 63101

SUBJECT: Earl Limpp Dam Phase I Inspection Report

This report presents the results of field inspection and evaluation of
the Earl Limpp Dam:

It was prepared under the National Program of Inspection of Non-Federal
Dams.

This dam has been classified as unsafe, non-emergency by the St. Louis
District as a result of the application of the following criteria:

1) Spillway will not pass 50 percent of the Probable
Maximum Flood

2) Overtopping could result in dam failure
3) Dam failure significantly increases the hazard to

loss of life downstream

SUBMITTED BY: '1I3LA IU ________

Chief, Engineering Division Date

SIGNED
APPROVED: Cs SEP 2Colonel, CE, District Engineer Date
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PHASE I REPORT

(NATIONAL DAM SAFETY PROGRAM

Name of Dam Earl Limpp Dam
State Located Missouri
County Located Holt County
Stream Tributary Davis Creek
Date of May 16, 1979

Inspection

Earl Limpp Dam was inspected by an interdisciplinary team of
engineers from Hoskins-Western-Sonderegger, Inc.V/The purpose of the
inspection was to make an assessment of the general condition of the
dam with respect to safety', based upon available data and visual in-
spection, in order to determine if the dam poses hazards to human life
or property. N

The guidelines used in the assessment were furnished by the Depart-
ment of the Army, Office of the Chief of Engineers, and developed with
the help of several Federal and State agencies, professional engineering
organizations, and private engineers. Based on these guidelines, this
dam is classified as a small size dam with a high downstream hazard
potential. Failure would threaten life and property. The estimated
damaqe zone extends approximately three and one-half miles downstream of
the dam. Within the damage zone are a county road, a railroad, State
Highway 275 and 5 to 10 buildings in Mound City.

-6iir inspection and evaluation indicates that the spillway does not
meet the criteria set forth in the recommended guidelines for a small
dam having a high hazard potential. Considering the small volume of water
impounded and the large floodplain downstream of the dam, one-half of
the Probable Maximum Flood is the appropriate spillway design flood.
The spillways will not pass the 100-year flood (flood having a one
percent chance of being exceeded in any year) without overtopping the
dam. The spillways will pass 12% of the Probable Maximum Flood without
overtopping the dam. The Probable Maximum Flood (PMF) is defined as
the flood that may be expected from the most severe combination of
critical meterologic and hydrologic conditions that are reasonably
possible in the region.

t No design data were vailable for this dam. Seepage and stability
analyses comparable to th requirements of the "Recommended Guidelines
for Safety Inspection of pams" were not available, which is considered
a deficiency. These analises should be obtained in the future.
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Other deficiencies observed during the inspection are a large
rodent hole, drying cracks in the crest, minor surface and gully
erosion of the downstream slope and in the left abutment trough,
seepage emerging near the stilling basin of the principal spillway,

( a boil on the right side of the stilling basin, an accumulation of
trash and logs around the riser of the principal spillway, erosion
of the stilling basin, lack of a trash rack on the riser of the prin-
cipal spillway and a steel mesh fence crossing the emergency spillway.

Maintenance and repair items needed to be done by the owner are
described in detail in the report.

Rey S. Decker
E-3703

Gordon Jamison

ro
E-4777

Ha~old P. Hoskins
Chairman of Board
Hoskins-Western-Sonderegger, Inc.
E-8696
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
EARL LIMPP DAM - MO 10508

HOLT COUNTY, MISSOURI

SECTION 1 - PROJECT INFORMATION

1.1 GENERAL

a. Authority. The National Dam Inspection Act, Public Law
92-367, authorized the Secretary of the Army, through the
Corps of Engineers, to initiate a program of safety4
inspection of dams throughout the United States. Pursuant
to the above, the St. Louis District, Corps of Engineers,
District Engineer directed that a safety inspection of
Earl Limpp Dam be made.

to make an assessment of the general condition of the dam

with respect to safety, based upon available data and
visual inspection, in order to determine if the dam poses
hazards to human life or property.

c. Evaluation Criteria. Criteria used to evaluate the dam
were furnishe-d by-the Department of the Army, Office of the
Chief of Engineers, in "Recommended Guidelines for Safety
Inspection of Dams," Appendix D to "Report of the Chief of
Engineers on the National Program of Inspection of Dams,"
dated May, 1975, and published by the Department of the
Army, Office of the Chief of Engineers.

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances.

(1) The dam is a small earth fill located in the loess
hills of northwestern Missouri just east of Mound
City. The dam is approximately 580 feet in length
and 26 feet in height.

(2) The principal spillway consists of a 48 inch diameter
corrugated metal pipe (CMP) riser connected with a
30 inch diameter CMP outlet conduit passing through
the embankment.

((3) A vegetated earth emergency spillway with bottom
width of 25 feet ± is cut into the left abutment.

(4) Pertinent physical data are given in paragraph 1.3
be low.



b. Location. The dam is located in the east central part of
Holt County, Missouri, as shown on Plate A-2. The dam is
shown on Plate A-l in the SW of Section 35, T62N, R38W.
The lake formed behind the dam is shown in the SW4 of

( Section 35, T62N, R38W.

c. Size Classification. Criteria for determining the size
classification of dams and impoundments are presented in
the guidelines referenced in paragraph l.lc above. Based
on these criteria, this dam and impoundment is in the
small size category.

d. Hazard Classification. Guidelines for determining hazard
classification are presented in the same guidelines as
referenced in paragraph l.lc above. Based on referenced
guidelines, this dam is in the High Hazard Classification.
The estimated damage zone extends approximately three and
one-half miles downstream of the dam. Within the damage
zone are a county road just downstream from the dam, rail-
road and Highway 275 and 5 to 10 buildings in Mound City.

e. Ownership. The dam is owned by Earl Limpp, Mound City,
Missouri 64470.

f. Purpose of Dam. The dam is a flood retardation structure.
it is one of 21 small dams constructed in the Davis Creek
Watershed for flood protection in Mound City.

g. Design and Construction History. This dam was constructed
in 1972 as part of a group flood control project sponsored
by the Agricultural Stabilization and Conservation Service
(ASCS). It was reported that it was staked out by a tech-
nician from the ASCS. The Owner reported that a cutoff
trench was not excavated for the dam but that standard
corrugated metal antiseep collars were installed on the CMP
spillway conduit.

h. Normal Operating Procedure. There are no operating pro-
cedures for this dam. All spillways are uncontrolled.

1.3 PERTINENT DATA

a. Drainage Area. 733 acres (1.145 square miles).

b. Discharge At Damsite.

(1) All discharges at the damsite are through a principal
spillway consisting of a 48 inch diameter corrugated
metal riser connected with a 30 inch diameter corru-
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gated metal outlet pipe and a grassed earth channel
ungated emergency spillway.

(2) Estimated maximum flood - unknown.

(3) The principal spillway capacity varies from 0 c.f.s.
at elevation 979.7 to 64 c.f.s. at elevation 983.1
(crest of the emergency spillway) to 69 c.f.s. at
elevation 985.4 (minimum top of dam).

(4) The emergency spillway capacity varies from 0 c.f.s
at its crest elevation 983.1 feet to 194 c.f.s at
elevation 985.4 (minimum top of dam) to 1070 c.f.s
at elevation 987.8 (maximum top of dam).

(5) Total spillway capacity at the minimum top of dam is

263 c.f.s +

c. Elevations. (Feet above M.S.L.)

(1) Top of dam - 986 to 988 5
l 2)Principal spillway crest - 980
3 Emergency spillway crest - 983
(4) Streambed at centerline - 961 ±
(5) Maximum tailwater - unknown

d. Reservoir. Length (feet) of maximum pool 2000 ±.

e. Storage (Acre-feet).

(1) Top of dam- 283±.
2) Principal spillway crest - 146 5.

f. Reservoir Surface (Acres).

(1) Top of dam - 24±.(2) Principal spillway crest - 14 5.

g. Dam.

(1) Type - Earth fill.
(2) Length - 580 feet t.
(3) Height - 26 feet ±.
(4) Top width - 17 feet
(5) Side slopes.

(a) Downstream - 3H on IV (measured)
(b) Upstream - Exposed=3.8H on IV (measured)

(6) Zoning - unknown

3



(7) Impervious core -unknown

( Cutoff -unknown-owner reported none
(9) Grout curtain - unknown((10) Wave protection - none

h. Diversion Channel and Regulating Tunnel. None

i. Spillway.

(1) Principal
(a) Type - Corrugated metal pipe. 48 inch diameter

riser approximately 6 feet high connected with
30 inch diameter CMP conduit outlet.K (b) Crest (invert) elevation - Riser crest=980 feet,

Conduit inlet-974 feet ±
Outlet -965.7 feet

(c) Length - 112 feet±
(2) Emergency

(a) Type - vegetated earth, trapezoidal section
(b) Control section approximately 40 feet in length

with 25 feet i bottom width.
(c) Crest elevation -983 feet±
(d) Upstream Channel -vegetated, clear) approximately

35 feet in length on 7% ± slope.
(e) Downstream Channel - vegetated and clear to the

creek. Few large trees in the old creek channel.

j.Regulating Outlets. None

4



SECTION 2 -ENGINEERING DATA

2.1 DESIGN

No design data were available for this damn.

2.2 CONSTRUCTION

No construction data were available. It was reported by Earl
Limpp, the Owner, that the dam was constructed in 1972.

2.3 OPERATION

No data were available on spillway operation.

2.4 EVALUATION

a. Aviailt.N data were available."RcmeddGi-

b. AdquaU Thefield surveys and visual observation pre-
sentd heeinare considered adequate to support the con-
cluionof hisreport. Seepage and stability analyses

lines for Safety Inspection of Dams" were not available,
which is considered a deficiency. These seepage and
stability analyses should be performed for appropriate
loading conditions (including earthquake loads) and made
a matter of record.

c. Validity. Not applicable.

5



SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General. A visual inspection of the Limpp Dam was made on
1f7 , 1979. Engineers from Hoskins-Western-Sonderegger,
Inc., Lincoln, Nebraska, making the inspection were:
R. S. Decker, Geotechnical; Gordon Jamison, Hydrology;
Garold Ulmer, Civil Engineer. Mr. Earl Limpp, the owner,
was present during the inspection.

b. Dam.

(1) Geology and Soils (Abutment and embankment). The dam
is located in the deep loess rolling hills of north-
western Missouri adjacent to the Missouri River. Up-
land soils are deep silty clay loam (CL-ML) loess.
Abutment soils consist of a thin mantle of CL loess

underlain by clay (CL-CH) glacial till. Valley alluvium
is CL-ML material. Drying cracks in the embankment in- -
dicate that the material is moderately plastic CL, prob-
ably borrowed from the side slopes around the reservoir.

(2) Upstream Slope. The upstream slope is well vegetated
with adapte grasses. No abnormal deformation nor
significant erosion was observed on the upstream slope.

(3) Crest. The crest of the dam is well vegetated with
alap-ted grasses. The embankment and reservoir area
is used for cattle grazing and cattle trails across
the dam are well worn. A large rodent hole was ob-
served near Station 2+50 (see Photo 4). Longitu-
dinal drying cracks were observed on the crest. A
series of transverse (normal to the Q) cracks was
observed at about (j Station 2+70 just left of the
principal spillwaylocation. The cracks were approxi-
mately 1/4 inch wide. Depth of cracks is not known.
The transverse cracks were approximately 10 feet in
length. The longitudinal cracks extended from
Station 3+50 to Station 3+75+. The crest line profile
is quite irregular with a low spot on the right end
and high spot near c Station 4+50.

(4) Downstream Slope. The downstream slope is well
vegetated with adapted grasses. It is used for
grazing and has a number of erosional rills and
washes due probably, in part, to grazing when wet.
Surface erosion is significant in the area downstream
from stations 2+00 to about 3+00. A small seepy
area was noted at the toe of the dam opposite about
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qStation 3+20. Several seeps were observed around
the scour hole or stilling basin of the principal
spillway. These seeps outcrop at or near the water
line of the plunge pool. One small boil was observed( on the right side of the plunge pooi. It emerges
through well aggregated, erosion resistant CH till.4
Flow from the boil was estimated at 0.1 gal./min.
Total seepage effluent around the plunge pool probably
amounts to 0.2 to 0.25 gals./min. All seepage was
clear. No abnormal deformations were noted on the
downstream slope.

The scour hole or plunge pool appeared to be eroded
into fine grained glacial till.

(5) Miscellaneous. The gully erosion noted on the down-
stream slope and in the left abutment trough and the
transverse cracks across the top of the dam near the
crossing of the principal spillway indicate that pro-
longed overtopping of this dam could cause potentialI
of failure. Minor overtopping as caused by the 100-
year flood would probably not cause significant damage
to the structure.

c. Appurtenant Structures.

(1) The Principal Spillway * The principal spillway ;.on-
sists of a 48 inch CMP riser with 30 inch CMP conduit
outletting into a scour hole or plunge pool eroded into
the valley bottom materials or into till. No corrosion
or deterioration was noted in the metal pipe. The riser
inlet does not have an effective trash rack and a con-
siderable amount of trash and logs has accumulated
around the riser (see Photo 14). The plunge pool and
outlet channel appear to be stable.

(2) The Emergency Spillway. The emergency spillway is cut
into glacial till in the left abutment of the dam. It
is well vegetated and appears to be stable. A steel
mesh fence crosses the spillway downstream from Iof
dam. Under high flows this fence could become c Fogged
with debris and reduce the effectiveness of the spill-
way. No debris was noted in the spillway at the time
cf the inspection thus indicating very little or no
flow through the emergency spillway. The inlet section( is clear and well vegetated.

7



(3) Drawdown Facilities. There are no drawdown facilities
for this dam.

d. Reservoir Area. A few trees were observed in the upper end
of the reservoir. No significant shore line erosion was
ooserveu.

e. Downstream Channel. The channel downstream from the prin-
cipal -- spi a hs a number of trees growing along the bank.

It appears to be stable and adequate to handle principal
spillway discharges. Discharges from this structure will
be temporarily impounded behind a road structure located
about 300 feet downstream as described in Section 5 of this

3.2 EVALUATION

The dam appears to be in good condition except for the rodent
hole on the crest and minor surface erosion noted on the down-
stream slope and along the central toe area. The 3H on 1V
side slopes should provide adequate safety against shear
failure. Foundation seepage at the toe and into the plunge
pool does not appear to seriously impair the integrity of the
structure. The transverse cracks adjacent to the principal
spillway crossing probably indicate some differential settle-
ment in the area of the old channel. However, none of these
cracks were evident on the upstream or downstream slopes and
there is a good chance that they have healed themselves on the
interior of the dam. Spillway operations would be improved
with removal and prevention of trash accumulations around the
principal spillway riser and removal or replacement of the
barrier fence across the emergency spillway.

Additional studies would be required to assess potential
damage to the structure from overtopping.

8



SECTION 4 -OPERATIONAL PROCEDURES

4.1 PROCEDURES

(.There are no controlled outlet works for this dam. The pool
level is controlled by rainfall, evaporation, and the capacity
of the uncontrolled spillways.

4.2 MAINTENANCE OF DAM

Vegetation cover is well maintained by grazing activities.
Some maintenance measures are needed to eliminate rodent holes,
and reduce surface erosion on the downstream slope, and keep

spillway inlets free of trash and debris.

4.3 MAINTENANCE OF OPERATING FACILITIES

No operating facilities exist at this dam.

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT

Upon checking with the owner, we are not aware of any emergency
warning system for this dam.

4.5 EVALUATION

There does not appear to be any serious potential of failure of
this structure. However, the minor surface erosion, foundation
seepage, and transverse cracks discussed in Section 3.2 could
lead to potential of failure if left unrepaired.

9



SECTION 5 -HYDRAULIC/HYDROLOGIC

( 5.1 EVALUATION OF FEATURES

a. Design Data. No design data were found for this dam. All
computations are based on the field inspection and survey
performed by the consultant. The plans, profiles, and
cross sections from the survey are attached in Appendix C.

b. ExeineData. The drainage area, reservoir surface area,
and elevatonstorage data were developed from the USGS
Maitland, Missouri 15 minute topographic quadrangle map.
The hydraulic computations for the spillway and dam over-
topping discharge ratings were based on data collected in
the field at the time of the field inspection.

C. Visual Observations.

(1) The spillway pipe appeared to be in good condition.
There was no effective trash rack to speak of. Debris
was accumulated around the riser, but the riser was
open and operating.

(2) The emergency spillway and exit channel are located
in the left abutment of the dam. Spillway releases
should not endanger the integrity of the dam.

(3) The downstream channel appeared fairly open with some
trees on the edge of the channel.

(4) A road embankment with a drainage structure through it
is located a short distance downstream of the dam. The
drainage structure is a 48 inch diameter corrugated metal
pipe riser inclined approximately 60% from ground level.
The culvert has no effect on the hydraulic operation of
the principal spillway. The road is about 9 feet above
the present water surface.

(5) No drawdown facilities are available to evacuate the
pool.

d. Oetping Potential. The spillways are too small to pass
bUof heproba5 e maximum flood and the 100-year frequency

flood without overtopping. The spillways will pass 12% ofC the PMF without overtopping. Prolonged overtopping could
cause failure of this dam. The results of the routings
through the dam are tabulated in regards to the following
condi tions.

£ 10



Freeboard Time
Inflow Outflow Maximum Top of Dam Dam

Discharge Discharge Pool Min. Elev. Overtopping
Frequency c.f.s. c.f.s. Elevation 985.4 Hr.

10 Yr. 1300 80 983.9 +1.5 0

100 Yr. 2400 480 986.0 -0.6 2±

1/2 PMF 4700 4500 988.1 -2.7 6+

PMF 9300 9000 989.0 -3.6 9+
0.12 PMF 1075 263 985.4 0 0

According to the recommended guidelines from the Department
of the Army, Office of the Chief of Engineers, this dam is

classified as having a high hazard rating and a small size.
Therefore, the 1/2 PMF to the PMF is the test for the ade-
quacy of the dam and its spillway.

The estimated damage zone is described in Paragraph 1.2d in
this report.

(
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SECTION 6 -STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observation. This dam appears to be structurally
stable. The -3H on IV side slopes would provide adequate
safety against shear failures for a dam of this height.
Seepage effluent is discharging at a rate of approximately
0.1 to 0.2 gallons per minute through erosion resistant
materials and is all clear. Additional studies would be
required to determine the affects of seepage pressures on

structural stability under full loading conditions.
b. Design and Construction Data. No design or constructionI

dta were available. Seepage and stability analyses
comparable to the requirements of the "Recommiended Guide-
lines for Safety Inspection of Dams" were not available,
which is considered a deficiency.

c. OpraingReords. There are no controlled operating
faclitesfor t is dam.

d. Post Construction Changes. The inspection team is not
aware of any post construction changes for this structure.

e. Seismic Stability. This dam is located in Seismic Zone 1.
A artfiqua ef the magnitude predicted in this area is

not expected to cause structural failure of this dam.

12



SECTION 7-ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety. The spillways will not pass 50% of the probable
maximum flood. Additional studies would be required to
determine the affect of overtopping oh the safety of the
dam. It would appear that prolonged overtopping could
cause potential of failure. It appears that the structure
is structurally stable but additional studies would be
required to determine the affects of full reservoir load-
ings on seepage pressures and slope stability. The lack
of some minor maintenance measures discussed in paragraph
7.2, do not pose a serious potential of failure but would
enhance spillway operations and safety of the downstream
slope.

b. Adequacy of Information. Due to the lack of engineering
data, the conclusions in this report are based upon
performance history and visual observations. Seepage and
stability analyses comparable to the requirements of the
guidelines were not available which is considered a
defi ciency.

c. Ureny The item recommended in paragraph 7.2a should
Be pursued on a high priority basis.

d. Necessity for Phase II. Phase II investigation is not
considered necessary.

e. Seismic Stability. This dam is located in Seismic Zone 1.
An erhu of this magnitude is not expected to be
hazardous to this dam.

7.2 REMEDIAL MEASURES

a. Alternatives.

(1) Additional information should be obtained on the
topographic characteristics of the reservoir area
to determine the increase in the height of dam or
the size of the spillway that is necessary to pass
one half the probable maximum flood without over-( topping the dam. The services of an engineer experi-
enced in the design of dams should be obtained to
evaluate the present reservoir storage capacity, to

13



provide seepage and stability analyses of the
present dam, and to design protective measures,
if required.

( b. 0 & M Procedures.

(1) Rodent holes should be eliminated and surface erosion
in the left abutment trough and on the downstream
slope should be repaired and measures initiated to
minimize their recurrence. Elimination of the rodent
holes should be done under the guidance of a qualified
engineer.

(2) Debris should be removed from the principal spillway
riser and a trash rack and anti-vortex device should
be installed on the riser.

(3) The barrier across the emergency spillway should be
removed or replaced with something that will not
collect and accumulate trash and debris.

(4) A program of regular inspection and maintenance should
be initiated. The program should include observations
and related maintenance measures connected with rodent
activity, surface erosion on the downstream slopes of
the dam and enlargement or development of transverse
cracks on the crest of the dam near the location of the
orincipal spillway.

14
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PHOTO NO. 2 -UPSTREAM SLOPE FROM RIGHT ABUTMENT

C PHOTO NO. 3 -CREST FROM RIGHT END
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PHOTO NO. 4- GOPHER HOLE NEAR STA. 2 + 50. SURVEY ROD
SETTING IN HOLE.
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PHOTO NO. 5 - TRANSVERSE CRACK ACROSS CREST LEFT OF PIPE
SPILLWAY CROSSING
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PHOTO NO. 6 -DOWNSTREAM 
FROM ;STA. 3 +50

* 1 PHOTO NO. 7 -LOOKING DOWNSTREAM IN EMERGENCY SPILLWAY
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PHOTO NO. 8-
GULLY EROSION IN LEFT
ABUTMENT TROUGH

PHOTO NO. 9 -BOIL AND SEEPAGE ON RIGHT SIDE OF SPILLWAY
SCOUR HOLE
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PHOTO NO. 10 - DISCHARGE FROM BOIL ON LEFT SIDE OF SCOUR HOLE

PHOTO NO. 11 - DOWNSTREAM SLOPE FROM DOWNSTREAM SHOWING GULLY
EROSION
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PHOTO NO. 12-SEEPAGE ON LEFT SIDE OF SCOUR HOLE

PHOTO NO. 13 -UPSTREAM FROM LEFT SIDE
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PHOTO NO. 14 -PRINCIPAL SPILLWAY INLET

PHOTO NO. 15 -LOOKING UPSTREAM FROM ABOUT £STA. 3 + 00
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PHOTO NO. 16 - LONGITUDINAL CRACKS - STA. 3 + 50 to 3 + 74.

PHOTO NO. 17 -ROAD STRUCTURE DOWNSTREAM FROM DAM
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PHOTO NO. 18- INLET RISER FOR ROAD STRUCTURE

PHOTO NO. 19 - LOOKING UPSTREAM FROM ROAD STRUCTURE. LIMPP DAM
IN BACKGROUND
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APPENDIX 0
HYDRAULIC AND HYDROLOGIC DATA



HYDROLOGIC COMPUTATIONS

( 1. The SCS dimensionless unit hydrograph and the systemized
computer program HEC-I (Dam Safety Version), July 1978, prepared
by the Hydrologic Engineering Center, U.S. Corps of Engineers,
Davis, Dalifornia, were used to develop the inflow hydrographs
(See Appendix D).

a. Twenty-four hour, 100-year and 10-year rainfall for the
dam location were taken from the data for the rainfall station at
Maryville, Missouri as supplied by the St. Louis District, Corps
of Engineers per their letter dated 6 March 1979. The twenty-
four hour probable maximum precipitation was taken from the curves
of Hydrometeorological Report No. 33 and current Corps of Engineers
and St. Louis policy and Guidance for hydraulics and hydrology.

b. Drainage area = 1.145 square miles (733 acres).

c. Time of concentration of runoff = 35 minutes (computed
from "Kirpic." foriaula).

d. The antecedent storm conditions for the probable maximum
precipitation were heavy rainfall and low temperatures which occurred
on the previous 5 days (SCS AMC III). The antecedent storm condi-
tions for the 100-year and 10-year precipitation were an average of
the conditions which have preceded the occurrence of the maximum
annual flood on numerous watersheds (SCS AMC II). The initial pool
elevation was assumed at the invert of the principal spillway.

e. The total twenty-four hour storm duration losses for the
100-year storm were 2.86 inches. The total losses for the PMF
storm were 1.58 inches. These data are based on SCS runoff curve
No. 88 and No. 75 for antecedent moisture conditions SCS AMC III
and AMC II respectively. The watershed is composed of primarily
SCS soil group B (Marshal, Shelby, and Wabash Soils) and consists
mostly of cropland.

f. Average soil loss rates = 0.07 inch per hour approximately
(for PMF storm, AMC III).

2. The combined discharge rating consisted of three components:
the flow through the principal spillway, the flow through the
emergency spillway and the flow going over the top of the dam.

wia. The principal spillway rating was developed by using the

weir and full conduit flow equations.

PLATE 0-1
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1. Weir Flow equation (Q = CLH 1.5)
where C = weir coefficient = 3.1

L = effective weir length, ft. = 12.57
H = total head, ft.

2. Full conduit flow equation

Q = 2gH
V 1 + Ke + Kb + K L

where a = cross-sectional area of pipe, ft2 = 4.91
H = total head, ft.

Ke = coefficient for entrance loss = 0.5
Kb = coefficient for bend loss = 0.75
K = coefficient for pipe friction loss = 0.0341

= length of pipe, ft. = 112

b. The emergency spillway rating curve was developed using the
Corps of Engineers Surface Water Profile HEC-2 computer program.

c. The flow§ pver the dam are based on the broad-crested weir
equation (Q = CLH' - ) where H is the head on the dam crest, L is the
effective length acting as a weir, and C is an appropriate weir co-
efficient which varies with head and is based on U.S. Geological Sur-
vey criteria. The weir coefficient C varied from 2.52 to 3.04 while
the effective length varied from 20 to 100 feet depending upon the
differences in the profile elevations.

3. Floods were routed through the reservoir using the HEC-l (Dam
Safety Version) program to determine the capabilities of the spillway
and dam embankment crest. The input and output data sheets for the
one-half PMF are attached as Appendix D.

J4

PLATE D-2
lt 4 :

LL ZC' - . - :



_q R

II

(i

I- ----- I



4j 

_

IfI

____ ___ ____ ___ ____ -i t



---- ---- ---- - 7 -

1 1 i I I I

Cl N F F X I I I11

PLATM I -5



4r c

c Casa

ILo c
Iro a

. c c *

0 cc 0 0G

0 Co

C; t" cc 00

cog c ccw00C

- C 0000.0
-C O 00 01 00 ,

0 0: - C c cctl:

-~ 0 0 18*

C~ I cc,6N'

a a*

5 v c 0a 00 OR0-
cztg , -c 0 000a.C 0

I. C

-C:' a C: a 0 00 V9
a 0-e 110%~~

1: w
-4 "C ' uw& SU lp .. 3 . 9

to PLT D-6.e



(IL

4L ic u I

-Co * *

UA -1Zo I 
I. 'm - ." ;

I E 4 xZIC 'd

Wi 411 -i t. 2'. us CC~K C ~ -

10~q 0-ZN4 C. * Z IL 'IA C1 14A

!L W ~ ~ I :~ 2 zO CK 4z
3WC tj 0 2 Le ~ l

W V I 4al 3W a In C p0!*0~ 00:

,A~ AA 0L cc

z D.-. 9N . II : ~ r-u g 
i ! : I- '

aw 0 I IC

3W

a 3.'

of7 ag PLTI -
I Ip



Ia

cc If 1. M -

1= 0z e - Na O I ZX J I I

0 L

* N, 4

0' , ,h. 4 I ,4" C6m 
1

N 
-- -

I * I. Z --

c co dec

W, rl Are.4 4

ILL

am 0. w M s d

,C0 .. 0' QN",a .54

- 'a - I

-- - j I ., C... L T -8
3- 1 N 4 . , A

I..I IIOI| I* I I I I 0I i i . .

LAa 9" x 0 0

.1 0

0 ~ ~ t ne PLT D4 5* 44 ZC -8r



r4 Wr W 
Ir 4

I0I

. .. . .. . I. .

.. ..0Ir
u T

C r 00 IN 4 W4 p= ,IlIt = = T I

* 916 81 W4

co yf nrW 0QP WI I
1. - 1 =c c aI 0" ta 02 1

0 N0 :" C Wl 40 A
I~~ 41 0 l1O 0 1

001 .0 . .ur . .
Cw 1  

cc IC m~pI rw m JI I Im V. G I-6

2 MI eya lyC 0 0w

ccI 0'IN 0 l
.0 61.01 o 0

0II

i. C; C;C ;on *
.0 0 W~I I 1 [n

a 00 0C 10 -: 1 z1 4 1, ;

to PLT D-9



-1 . I I

. . . . . . . . .. . .~~ . . .. . . . .N4, em lt-,i I In-o I ::!ZI I

ry N1 NI

... . ...

4.0 me O Mr~O M UN -i4 -o W W-e ,co .m - 0N.N C i

CIQ G -Cp P. V-r4 f1 - l .

OD wo 'E NiN N M M o MM1 01
1 ....... ] . . . . 01 N NJ M M~

2I1
00 00-6.l i NNM J4 fg ry,,O Pf% C; 4 1;411 4 , 0 o *4 u -:-w Nlw 4 C;

-. 'NN N U" " 0. CC 1 t -l

- PLATE D-10



'NN'

.( . I, .J 4 1 N 0 N C
r, N Ioac m...e ca=4

0Ic .C.0. 0 m a Iat c4*1

N Ny N N M 0M 1000w00= 10 0 o Mete Male Mic ~COC3 Wa 0 040 000a000 Q

*00- I '0 00 0 Ci a-~ -N? 1( 0 'a- Na p A.1

1NN 10 4D 0 . .;a 0 , . 100 1 0 vg V oI 0 WO00 C.g. 0 , 00 a ',O

1-000 I0000ICN00%noNEl0C?
,Q~~~~ ~ ~ ~ 00 O0M a 0l 00I

N N N NIN W0 00 1 0 DCCDG01000000000 0.

IOO~eO- .0.O lO. 0L4p ?-p0%10-0a.Ca-

'D.0oiit 0 1801M0M NIN9 r 14 0 0 UN O1tr -r

0 0 , 00 .00 a.01,0 0'0'0 ~ 0 0 0
!C PP'PPPPU Pa 0 P PP C N .?

1000"1 41-.001, 0PP-P.E W,1 .9.0 41 ;c oi..:>.! pti, 4 ' . %1, rw'ft ft 1 0 '~OOOOCLN..0.?. :0:. aW AD W C g

?-440 -41,

0NNNIv 0 a. 000 l00100 00 01000 0 0 0000,Vaa.0 a,

a.NN ' S. 0 0-i0-aa., 0-0 0 p0!D0i,00 000.0 0 '

4pt I 0 0 it:0~ 111 1! ~0 j- 11:

eta do 0:0 IC C IOCW a0 0 11 0 410

N- N41 00.00100 ;mN~E044 41 E

,000100100100000I001000000000

toN
1
P

1
PPPIPt"pPPt'PP tie PL T D 1



i1!

I

. . . . . .

Iwo

0: tue rbIW - M. r -1 ,0-#

I .1 I I % "I

:1 ; [ °

. * I 4A i m wP , -I
I . I . •

• " I -

±0......... .................. ..... .... .

*!

... , •!. •1

I I .1

,- o "I I

S:1 I'I:

oo i :1 1'' i :

I



( .1 i " i

°, . I *1°

• I i

• ,* i p

"I I

: ' I I:
I :.:*I I .

Ii ,
I. * I' I

:1 * 1I :I

• II I

* *

e I ' *

i * i
I " ' :I

.I : I I1 . l1i

:II : I ' *
.... F i I , I

0 ... : , -,.,,,,,-..,. P AT D 1

I. - - - - - - - - - I
- ' ,' -..- -", . ':"" -" co " "" ce

-------------------------------------------10010 COOGC, 0GIC 0 JCI.OCCO 'C. ... .. i



------ 
.. ... . .

.. ... . . .. .
.. .. .. .

.( . .

..~ . ~ .. . . ...

C!9 .j. .

1c If It ZI1C"Z A' V 4 .. 4 -

I ftjC O''c, Wh".....Mrw~o . w
ftf M*Ml .II1

A 
I' 

w: m I ~ , w w r W----- ------ -----
PLAT D-1



..................

I I

i I .ii

ni .. . .

. .. .
I I , 

.,"iI"

i .

1 ."1 . ' , ,. '

I *

I ,I.

I .... .

004 , !G N : z ,1

* : ................. .... . . ... ... .... .. ..... ..... ... * :... .

. a

V, 2, n ,;r !a95;; 4Ac. , .,'0 n M' m 11 n1 %ai

oC ! t -": n

41,4. 1'Gd. hF. P. pl : 10 01

ae PLAE -1

. -in.w
- . °. .. ° I , *

'i'ii'i......... .......... ,;....... .. ....
* -- , I C

. -C.......................................... ................

- - . • . .. . . .

kqO w Owl OqV eiiaO ~ C w 0O
'  

erowc OM O @" ,

* - -r - -

* .,,.--,,,= PLATE 0-15

t

,: . ... , * ' :: - ' , .

- • t .. 
m - I~~



. . .

. . . . . .

C] 0 r-o

N NN ftNN

w~~~~ 0. -N' N 10% 0' WW 0 'A01IGIl" V - - va 0'1,;W 104 ̂ @ 1 IN, 10 9" . .~ .

@O@ I.:NNN N NN N N N NN M 
0

0 
0 ' 9

P 00@ftNI N A N N mN OR N m m n F" in in l "a.,,XtZNfjvNNNft lN 04 fltttfff t t4 tf. ' N Ill _ _ _ _ _ _ _ NN

go -ft.PLATE 0-16



p r-

WIII

I j

I JA

I

dc c

2:2

mad PLAT D-17~



(

!1 9 10. 0. 1

C I&

J~~ ~ CIO 0 C.
'

!¢

010

!W a, 4, 1.

un.
M 0 a 0 0 a

Ew ,0

CIO

011. .xw fm- Ir ,
-: I ri

I Zia. 9 Nk n %

I I;

4 0, o,

z 2.

"! 'mI

! * °1 o o o

II ,'

- - PLATE 0-18



DAT

DI


